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PREFACE 


This  report  was  prepared  as  part  of  the  Phase  II  Transportation  System 
and  Travel  Behavior  (TSTB)  Project  of  the  BART  Impact  Program  by  staff 
of  Peat,  Marwick,  Mitchell  & Co.  and  the  Metropolitan  Transportation 
Commission  (MTC) . The  report  updates  and  extends  analyses  of  BART 
capital  costs  presented  in  the  Phase  I TSTB  Project  Final  Report: 
Transportation  System  and  Travel  Impacts  of  BART:  Interim  Service 

Findings,  BART  Impact  Program  Document  No.  FR  6-3-75,  April  1976, 
pp.  157-163. 

The  material  presented  in  the  report  is  based  on  published  and  unpub- 
lished information  and  assumptions  provided  by  staff  of  the  Bay  Area 
Rapid  Transit  District  (BARTD)  and  others,  as  referenced  in  the  report. 
Estimates  of  actual  BART  costs  are  based  on  unaudited  financial  data. 
Additional  estimates  and  assumptions  have  been  made  by  the  authors, 
again,  as  fully  documented  in  the  report.  Although  it  is  believed  that 
the  information,  assumptions,  and  estimates  used  constitute  a reasonable 
basis  for  the  analysis  of  BART  capital  costs,  the  results  given  in  the 
report  depend  on  the  unverified  accuracy  of  the  source  data. 

The  report  has  benefited  from  the  cooperation  and  assistance  readily 
provided  by  BARTD  staff,  especially  Ms.  Miriam  Hawley  and  Mr.  Ted  Lenhart. 
Their  contributions  are  gratefully  acknowledged.  However,  responsibility 
for  the  contents  of  the  report  rests  entirely  with  the  authors. 
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SAN  FRANCISCO  BAY  REGION 

CENTRAL  AREA 


BART: 


Length: 

Stations: 

Trains: 

Automation: 

Fares: 

Service: 


Patronage: 

Cost: 


The  Bay  Area  Rapid  Transit  System 

The  71-mile  system  includes  20  miles  of  subway,  24  miles  on  elevated  struc- 
tures ar.d  27  miles  at  ground  level.  The  subway  sections  are  in  San 
Francisco,  Berkeley,  downtown  Oakland,  the  Berkeley  Hills  Tunnel  and  the 
Transbay  Tube. 

The  34  stations  include  13  elevated,  14  subway  and  7 at  ground  level.  They 
are  spaced  at  an  average  distance  of  2.1  miles:  stations  in  the  downtowns 
are  less  than  one-half  mile  apart,  while  those  in  suburban  areas  are  two  to 
four  miles  apart.  Parking  lots  at  23  stations  have  a total  of  20,200  spaces. 
There  is  a fee  (25  cents)  at  only  one  of  the  parking  lots.  BART  and  local 
agencies  provide  bus  service  to  all  stations. 

Trains  are  from  3 to  10  cars  long.  Each  car  is  70  feet  long  and  has  72  seats. 
Top  speed  in  normal  operations  is  70  mph  with  an  average  speed  of  38  mph 
including  station  stops.  All  trains  stop  at  all  stations  on  the  route. 

Trains  are  automatically  controlled  by  the  central  computer  at  BART  head- 
quarters. A train  operator  on  board  each  train  can  override  automatic 
controls  in  an  emergency. 

Magnetically  encoded  tickets  with  values  up  to  $20  are  issued  by  vending 
machines.  Automated  fare  gates  at  each  station  compute  the  appropriate 
fare  and  deduct  it  from  the  ticket  value. 


Fares  range  from  25  cents  to  $1.45,  depending  upon  trip  length.  Discount 
fares  are  available  to  the  physically  handicapped,  children  12  and  under,  and 
persons  65  and  over. 

BART  serves  the  counties  of  Alameda,  Contra  Costa  and  San  Francisco, 
which  have  a combined  population  of  2.4  million.  The  system  was  opened  in 
five  stages,  from  September  1972  to  September  1974.  The  last  section  to 
open  was  the  Transbay  Tube  linking  Oakland  and  the  East  Bay  with  San 
Francisco  and  the  West  Bay. 

Routes  are  identified  by  the  terminal  stations:  Daly  City  in  the  West  Bay, 
Richmond,  Concord  and  Fremont  in  the  East  Bay.  Trains  operate  from  6:00 
a.m.  to  midnight  on  weekdays,  every  12  minutes  during  the  daytime  on  three 
routes:  Concord-Daly  City,  Fremont-Daly  City,  Richmond-Fremont.  This 
results  in  6-minute  train  frequencies  in  San  Francisco,  downtown  Oakland 
and  the  Fremont  line  where  routes  converge.  In  the  evening,  trains  are 
dispatched  every  20  minutes  on  only  the  Richmond-Fremont  and  Concord- 
Daly  City  routes.  Service  is  provided  on  Saturdays  from  9 a.m.  to  midnight 
at  15-minute  intervals.  Future  service  will  include  a Richmond-Daly  City 
route  and  Sunday  service*  Trains  will  operate  every  six  minutes  on  all  routes 
during  the  peak  periods  of  travel. 

Approximately  146,000  one-way  trips  are  made  each  day.  Approximately 
200,000  daily  one-way  trips  are  anticipated  under  full  service  conditions. 

BART  construction  and  equipment  cost  $1.6  billion,  financed  primarily  from 
local  funds:  $942  million  from  bonds  being  repaid  by  the  property  and  sales 
taxes  in  three  counties,  $176  million  from  toll  revenues  of  transbay  bridges, 
$315  million  from  federal  grants  and  $186  million  from  interest  earnings  and 
other  sources. 


March  1978 

•Sunday  service  began  in  July , 1978 


I .  INTRODUCTION 


Report  Scope  and  Objectives 

Original  capital  cost  estimates  for  construction  and  implementation  of 
BART  were  published  in  the  May  1962  BART  Composite  Report  (Ref.  6).* 
Construction  of  the  System  began  in  1964.  Eleven  years  later,  when  major 
construction  was  largely  complete,  capital  costs  had  increased  by  65%. 

This  report  describes  BART’s  actual  capital  costs,  compares  them  to  the 
original  Composite  Report  estimates,  and  explains  the  difference  between 
the  actual  and  anticipated  costs.  Although  construction  of  the  System  is 
not  yet  fully  complete,  outstanding  capital  requirements  are  nominal,  and 
unlikely  to  influence  materially  the  conclusions  reached  in  this  analysis. 

The  specific  objectives  of  the  report  are  to: 

1.  Identify  the  actual  final  capital  costs  of  BART  and 
its  components  and  compare  these  actual  capital  costs 
with  those  estimated  in  the  1962  Composite  Report. 

2.  Identify  factors  which  might  explain  the  variance 
between  actual  and  estimated  costs  and  determine 
the  extent  to  which  each  of  these  factors  account 
for  the  variance. 

3.  Examine  and  analyze  the  components  of  BART  con- 
struction costs  by  category,  by  line  segment,  and 
by  type  of  construction  in  order  to  summarize 
typical  construction  costs  for  the  various  BART 
facilities. 

The  first  two  objectives  are  addressed  in  Chapter  II,  "Analysis  of  BART 
Capital  Cost  Overrun."  The  third  objective  is  addressed  in  Chapter  III, 
"Analysis  of  BART  Line  and  Station  Construction  Costs." 


Current  BART  Capital  Cost  Estimate 

Capital  cost  estimates  used  in  this  report  are  primarily  derived  from  the 
BART  Capital  Program  Report  of  September  1975  (Ref.  3).  These  estimates  in- 
clude construction  costs  for  the  entire  BART  System  (71  miles,  34  stations) 
including  shops,  yards,  and  the  BART  Administration  building;  450  BART 
transit  cars;  facilities  for  the  new  San  Francisco  Municipal  Railway (MUNI) 

Metro  line;  and  other  miscellaneous  expenses  associated  with  BARTrs  imple- 
mentation. 

On  the  basis  of  information  contained  in  the  September  1975  Capital  Program 
Report,  final  capital  costs  for  the  BART  System  are  estimated  as  $1,635,600,000. 
At  the  time  of  the  September  1975  report,  $1,516,596,000  (or  93%)  of  the  total 


*References  are  listed  at  the  end  of  the  report. 


amount  had  been  expended.  These  estimates  are  used  as  the  basis  for  this 
analysis.  Although  more  recent  total  cost  estimates  have  been  made,  they 
do  not  differ  materially  from  the  September  1975  forecast.  For  example, 
the  total  cost  estimate  given  by  the  March  1977  Capital  Program  Report 
(Ref.  4)  is  $1,629,507,000,  only  0.4%  less  than  the  September  1975  figure. 

Actual  expenditure  to  March  1977  is  estimated  at  $1,553,696,000*  or  95%  of 
the  September  1975  forecast  final  total.  The  estimated  remaining  $82  million 
is  for  further  car  testing  and  retrofitting,  further  work  on  the 
train  control  and  power  distribution  systems,  additional  parking  facilities 
at  certain  BART  stations,  and  various  other  minor  construction  projects. 

It  is  presumed  in  this  analysis  that  all  remaining  capital  costs  will  be 
incurred  by  1980,  although  in  reality  capital  expenditure  will  in  all 
probability  continue  after  that  date.  However,  it  is  felt  reasonable  to 
accept  1980  as  the  ’'cutoff"  date  associated  with  the  $1,635,600,000  final 
capital  cost  estimate. 

BART  System  costs  include  costs  for  1.5  miles  of  track  to  be  used  exclu- 
sively by  the  new  MUNI  Metro  light  rail  system.  In  addition,  MUNI  Metro 
will  share  with  BART  the  1.7-mile  Market  Street  segment  (including  the 
Embarcadero,  Montgomery  Street,  Powell  Street,  and  Civic  Center  BART 
stations),  with  MUNI  operating  on  a level  immediately  above  the  BART  lines. 

It  is  estimated  that  the  1.5-mile  exclusive  MUNI  Metro  segment  cost 
approximately  $70  million,  and  that  MUNl's  share  of  the  joint  BART/MUNI 
facilities  is  another  $85  million.**  The  BART  system,  as  analyzed  in  this 
report,  is  71.0  miles  long,  inclusive  of  the  1.7-mile  joint  BART/MUNI  Metro 
segment  along  Market  Street.  MUNI  Metro  will  operate  over  an  additional 
4.0  miles,  comprising  the  new  1.5-mile  segment  from  Civic  Center  to  East 
Portal  (including  Van  Ness,  Church,  and  Castro  stations),  the  existing  2.5- 
mile  Twin  Peaks  Tunnel,  and  0.1  mile  at  West  Portal  station. 


* Reference  4. 

**  Reference  1. 


2 


II.  ANALYSIS  OF  BART  CAPITAL  COST  OVERRUN 


Comparison  of  Actual  and  Anticipated  Capital  Costs 

Table  1 compares  the  1962  Composite  Report  estimate  of  total  capital  costs 
to  the  September  1975  Capital  Program  Report  forecast  of  final  actual  capital 
costs.  All  costs  contained  in  Table  1 are  expressed  in  current  dollars. 

The  table  shows  that  total  capital  costs  for  construction  and  implementa- 
tion of  the  BART  System  have  risen  by  $641  million,  from  the  1962  estimate 
of  $994  million  to  $1,636  million.  This  represents  a total  cost  "overrun" 
of  65%. 

The  largest  proportionate  increases  are  for  preoperating  expenses,  station 
construction,  and  transit  vehicle  costs.  In  absolute  terms,  the  largest 
cost  overruns  are  the  $204  million  increase  in  construction  costs  for  track 
and  structures,  and  the  $199  million  increase  in  the  costs  of  constructing 
BART  station  facilities. 

Compared  with  the  original  estimates,  capital  cost  savings  are  evident  for 
both  electrification  projects  and  for  utility  relocation.  But  while  the 
percentage  savings  for  these  categories  are  significant,  in  total  they  do 
little  to  compensate  for  the  cost  increases  incurred  elsewhere. 

A discussion  of  some  of  the  reasons  for  the  individual  component  cost 
increases  shown  in  Table  1 is  given  at  the  end  of  this  chapter.  The  fol- 
lowing sections  analyze  the  factors  underlying  the  overall  $641  million 
cost  overrun. 


Factors  Contributing  to  Capital  Cost  Increases 

Three  major  factors  may  be  identified  whose  influence  has  significantly 
affected  capital  expenditure  on  BART: 

• Changes  in  scope  from  that  originally  specified 
in  the  Composite  Report. 

• Actual  inflation  at  rates  higher  than  anticipated 
in  the  Composite  Report. 

• Alterations  to  the  original  construction  and 
implementation  schedule. 

Table  2 summarizes  our  analysis  of  the  $641  million  increase  in  BART’s 
capital  cost  in  terms  of  these  three  factors. 

The  table  shows  that  the  cost  increase  associated  with  the  three  factors 
together  (i.e.,  changes  in  scope,  inflation  presuming  no  delays,  inflation 
due  to  delays)  totals  $648  million.  This  compares  with  an  allowance  of 
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Table  1 


CAPITAL  COST  COMPARISON 
(All  Costs  in  Thousands  of  Dollars) 


Composite  Report 

Actual 

Expenditure 

Increase 

(Decrease) 

Cost  Category 

Estimate,  1962 

to  1980a»b 

Amount 

Percent 

Track  and  Structures 

$458,331 

$ 662,587 

$204,256 

45% 

Stations 

133,866 

332,389s 

198,523 

148 

Yards  and  Shops 

14,256 

22,721° 

8,465 

59 

Electrification 

65,358 

37,281 

(28,077) 

(43) 

Train  Control 

23,150 

52, 1 57  d 

29,007 

125 

Utility  Relocation 

48,176 

34,852 

(13,324) 

(28) 

Right-of-Way 

98,764 

103,440 

4,676 

5 

BART  Transit 
Vehicles 

71,200 

175,065 

103,865 

146 

Engineering  and 
Management 

74,312 

137,169e 

62,857 

85 

Pre-Operating 

Expenses 

7,000 

77,939 

70,939 

1,013 

Total 

$994,413 

$l,635,600f 

$641,187 

65% 

Footnotes  are  listed  on  the  following  page. 
Sources:  References  3 and  7. 
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Table  1 (cont.) 

CAPITAL  COST  COMPARISON 


a.  It  is  presumed  that  the  total  capital  cost  of  $1,635,600,000  will  be 

expended  by  1980  and  that  the  costs  outstanding  between  March  1977  and 
December  1980  ($81,904,000)  will  be  expended  as  follows:  1978  50%, 

1979  33%,  and  1980  17%. 

b.  Summary  of  data  from  the  September  1975  Capital  Program  Report  (Ref.  3) 

by  the  cost  categories  given  in  the  table  leaves  an  amount  of  $246,064,000 
unallocated.  For  the  purposes  of  this  analysis,  this  amount  has  been 
allocated  as  follows: 


Allocation  of  the  $246,064,000  total  among  the  cost  categories  listed 
is  in  proportion  to  the  total  costs  specifically  allocated. 

c.  The  total  cost  for  the  construction  of  Yards  and  Shops  is  uncertain. 

Some  train  control  costs  and  station  costs  are  possibly  included  in 
the  $22,721,000  estimate. 

d.  The  total  cost  of  the  train  control  system  is  not  completely  clear 
from  available  data.  Some  train  control  costs  may  be  included  in 
other  cost  categories. 

e.  The  Engineering  and  Management  total  cost  of  $137,169,000  may  include 
some  double  counted  items.  Working  papers  used  in  constructing  the 
table  show  "Landscaping”  and  "Handicapped  Facilities"  included  in 
this  category  and  also  in  "Tracks  and  Structures"  and  "Stations." 

f.  $1,635,600,000  is  the  "Current  Forecast"  of  BART  System  total  capital 
costs,  as  given  in  the  September  1975  BART  Capital  Program  Report 
(Ref.  3). 

g.  In  some  cases,  station  costs  include  some  of  the  costs  of  tunneling  the 
line  between  stations.  Consequently,  station  costs  shown  are  overstated 
and  track  and  structures  costs  correspondingly  understated. 


Track  and  Structures 
Stations 
Electrification 
Train  Control 
Utility  Relocation 
Right-of-Way 


$139,640,000 

49.381.000 

18.714.000 

28.112.000 

3.298.000 

6.919.000 


$246,064,000 


5 


6 


only  $75  million  made  for  contingencies  in  the  Composite  Report.  The 
difference,  $573  million,  accounts  for  89%  of  the  total  $641  million 
overrun. 

Correspondingly,  the  total  actual  cost  of  BART  (net  of  scope  change, 
inflation,  and  delay  costs)  is  shown  as  $818  million,  a 9%  increase  over 
the  $751  million  Composite  Report  estimate  (again  net  of  contingency  and 
inflation  allowances) . 

The  difference  between  the  Composite  Report  cost  estimate  excluding 
contingency  and  inflation  ($751  million)  and  the  actual  $818  million  BART 
cost  unexplained  by  changes  in  scope,  higher-than-expected  inflation,  or 
delay  costs  (i.e.,  costs  which  should  be  regarded  as  "contingency  and 
inflation"  costs)  is  $67  million.  This  accounts  for  11%  of  the  total 
$641  million  cost  overrun. 

The  Composite  Report  contingency  allowance  of  $74  million  is  shown  as  a 
negative  12%  in  the  fourth  column  of  Table  2.  If  this  amount  is  dis- 
tributed among  the  "inflation  presuming  no  delays,"  "inflation  due  to 
delays,"  and  "changes  in  scope"  cost  categories  in  proportion  to  the 
amounts  given  in  the  third  column  of  the  table,  then  an  adjusted  percen- 
tage distribution  may  be  computed,  as  given  in  the  final  column  of  the 
table.  This  adjusted  percentage  distribution  probably  gives  a more 
meaningful  explanation  of  the  reasons  for  BART’s  $641  million  capital 
cost  overrun: 

• 50%  ($321  million)  is  explained  by  the  costs  of 
inflation  associated  with  delays 

• 25%  ($159  million)  is  explained  by  scope  changes 

• 14%  ($94  million)  is  explained  by  the  effects  of 
higher-than-anticipated  inflation 

Only  the  remaining  11%  ($67  million)  is  "unexplained."  Presumably,  this 
unexplained  amount  primarily  reflects  errors  in  the  original  Composite 
Report  cost  estimates.  However,  it  may  also  include  effective  scope 
changes  not  identified  in  our  analysis.  And  of  course  the  estimate  re- 
flects other  assumptions  made  in  the  analysis.  Given  these  uncertainties, 
the  $67  million  "unexplained"  component  of  the  total  cost  overrun  can 
probably  be  regarded  as  relatively  small  in  the  context  of  the  overall 
$1,636  million  BART  project,  and  reflects  favorably  on  the  accuracy  of 
the  original  engineering  estimates. 

The  following  sections  document  the  analysis  from  which  the  results  given 
in  Table  2 were  derived.  In  the  analysis,  a series  of  abbreviations  are 
used  to  describe  components  of  cost  and  cost  differences.  These  abbre- 
viations are  explained  in  Table  3. 
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Table  3 


SUMMARY  OF  ABBREVIATIONS 

CCR 

Composite  Report  (1962)  total  cost  estimate  including  contingency 
and  inflation  allowances 

CCREI 

Composite  Report  expected  inflation  allowance 

CCRC 

Composite  Report  contingency  allowance 

CCRNI 

Composite  Report  total  cost  estimate  net  of  inflation  allowance 
(CCR-CCREI) 

CCRNC 

Composite  Report  total  cost  estimate  net  of  contingency 
allowance  (CCR-CCRC) 

CCRNIC 

Composite  Report  total  cost  estimate  net  of  inflation  and 
contingency  allowances;  i.e.,  Composite  Report  "base  cost" 
estimate  (CCR-CCREI-CCRC) 

CCRAI 

Actual  inflation  to  CCRNI 

QCCRNI 

Composite  Report  total  cost  estimate  net  of  inflation  (CCRNI) 
adjusted  by  proportion  to  match  actual  expenditure  schedule  net  of 
scope  changes,  i.e.,  the  assumed  schedule  of  expenditures  had  there 
been  no  scope  changes,  but  assuming  delays  as  actually  occurred. 

QCCRNI(E) 
QCCRNI (A) 
CCRNI (A) 

QCCRNI  adjusted  by  Composite  Report  expected  inflation  E Index 
QCCRNI  adjusted  by  actual  inflation  A Index 
CCRNI  adjusted  by  actual  inflation  A Index 

CSC 

Actual  cost  of  scope  changes 

CSCEI 

Inflation  to  scope  changes  at  Composite  Report  expected  E Index 
rates  (CSC[E]) 

CSCAI 

Inflation  to  scope  changes  at  actual  A Index  rates  (CSC [A]) 

VTD 

Total  variance  attributable  to  delay  (QCCRNI [A] -CCRNI [A] ) 

VEI 

Variance  attributable  to  expected  inflation  (CCREI) 

VUI 

Variance  attributable  to  higher-than-expected  inflation  (CCRAI-CCREI) 

VDEI 

Variance  attributable  to  delay  assuming  expected  E Index  inflation 
rates  (QCCRNI [E] -CCR) 

VDUI 

Variance  attributable  to  delay  at  higher-than-expected  E Index 
inflation  rates  (VTD-VDEI) 

E Index 

Index  showing  cumulative  effect  of  expected  rate  of  inflation, 
3%  per  annum,  as  used  in  1962  Composite  Report  (see  Table  6) 

A Index 

Index  showing  cumulative  effect  of  actual  rate  of  inflation  based 
on  the  Engineering  News  Record  Building  Construction  Index  for 
San  Francisco  (see  Table  6) 
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Cost  Increases  Resulting  from  Changes  in  Scope 


Changes  in  scope  include  (1)  construction  of  facilities  not  included 
in  the  original  Composite  Report  System  (e.g.,  the  Berkeley  Subway), 

(2)  upgrading  of  facilities  included  in  the  original  System  (e.g., 
adding  escalators  and  facilities  for  physically  disabled  people) , and 

(3)  work  required  by  others  to  permit  BART  construction  to  continue. 

Table  4 lists  the  major  scope  changes.  All  costs  shown  are  actual  costs 
in  thousands  of  current  dollars.  Hence,  the  total  of  the  items  included 
in  the  table  ($180  million)  is  the  actual  increase  in  capital  costs 
resulting  from  these  scope  changes  (CSC).* 

It  is  assumed  that  scope  changes  were  implemented  "on  schedule,"  and 
therefore  that  there  are  no  delay  costs  involved.  However,  it  seems 
reasonable  to  assume  that  some  part  of  the  total  scope  change  cost  is 
attributable  to  inflation.  Table  5 summarizes  our  analysis  of  these 
inflation-related  costs.  The  table  shows  that,  had  all  the  scope  changes 
been  originally  incorporated  in  the  Composite  Report  system  with  no  in- 
flation allowance,  the  original  base  cost  would  have  been  $116  million 
higher  than  the  actual  estimate.  Had  the  actual  scope  change  expenditure 
schedule  been  known  at  the  time  of  writing  of  the  1962  report,  it  is 
estimated  that  a further  $41  million  would  have  been  allocated  as  an 
allowance  for  expected  inflation  (assuming  the  same  inflation  rate  as 
was  used  in  the  Composite  Report).  In  fact,  inflation  costs  actually 
amounted  to  an  estimated  $64  million. 

Note  that  the  scope  change  cost  estimate  given  in  Table  2 does  not 
separate  out  the  "base  cost"  and  "inflation"  components. 


Cost  Increases  Resulting  from  Unanticipated  Inflation 

In  formulating  the  original  Composite  Report  capital  cost  estimate,  the 
influence  of  inflation  was  anticipated,  and  an  allowance  was  included 
to  compensate  for  its  effects.  The  Composite  Report  allowance,  based  on 
a review  of  historical  inflation  rates  prior  to  1960,  was  a constant 
inflation  rate  of  3%  per  annum.  The  cumulative  effect  of  this  3%  rate 
is  referred  to  in  our  analysis  as  the  "E  Index."  However,  actual  infla- 
tion rates  since  1962  have  been  considerably  greater  than  the  Composite 
Report  3%  allowance,  and,  correspondingly,  costs  encountered  during 
construction  of  the  BART  System  have  been  very  much  higher  than 
anticipated. 


*A11  abbreviations  given  in  the  text  are  explained  in  Table  3. 
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Table  4 


MAJOR  SCOPE  CHANGES 

Year(s)  of  Actual  Cost 

Description Effect ($  Thousands) 


Tunnelled  subway  in  lieu  of  cut  and 
cover  in  downtown  areas 

1966 

$ 4,000 

Alignment  changes  in  Oakland  resulting 
from  negotiations  with  the  City 

1968 

4,000 

Larger  subway  stations 

1967 

13,000 

Mezzanine  extensions  in  downtown 
San  Francisco 

1967 
19  73 

24,564 

8,188 

Additional  escalators  in  all  stations 

1966-1973 

3,000 

Cosmetic  improvements  to  stations 

1966-1973 

32,000 

Reduced  rock  tunnelling  requirements 
in  Berkeley 

1965 

(3,000) 

Redesign  of  aerial  structures 

1965-1967 

(4,000) 

Track  gauge  increased  to  5’ 6" 

1964 

2,000 

Improvements  to  train  control  system 

1967 

2,000 

Improvements  to  fare  collection  system 

1966-1973 

2,000 

Additional  pedestrian  and  parking 
structures 

1966-1973 

2,000 

Changes  resulting  from  negotiations 
with  cities 

1965 

1,000 

Yards  and  shops  relocated  from  Oakland 

1965 

3,000 

Additional  administrative  and 
operations  facilities 

1967 

5,127 

Addition  of  handicapped  facilites3 

1968 

8,150 

Improvements  to  the  Transbay  Tube 

1968 

12,282 

Design  changes  to  MUNI  Metro  facilities 

1970 

20,000 

Embarcadero  Station  added 

1973 

19,856 

Berkeley  Subway 

1966 

12,674 

Landscaping  improvements 

1966-1973 

2,957 

Hayward  Test  Track 

1967 

4,924 

$179,722 

n.  $8,150,000  cost  for  "Addition  of  handicapped  facilities"  includes  the 
costs  of  elevators  and  other  facilities,  and  the  remodeling  of  station 
structures  necessary  to  accommodate  these  facilities. 

Sources:  References  2 and  7. 
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Table  5 


SCOPE  CHANGES:  EFFECTS  OF  INFLATION 

(All  Costs  in  Thousands  of  Dollars) 


Year 

CSC 

Actual  Cost  of 
Scope  Changes3 

CSCAI 

Inflation  to 
Scope  Changes 
at  Actual  Rateb 

CSC-CSCAI 
Actual  Cost  of 
Scope  Changes 
Discounted  to  1960 

CSCEI 

Inflation  on  Scope  Changes 
at  Composite  Report 
Expected  Ratec 

1962 

$ 

$ 

$ 

$ 

1963 

- 

- 

- 

1964 

2,000 

279 

1,721 

231 

1965 

(88) 

(17) 

(71) 

(13) 

1966 

16,948 

3,884 

13,064 

2,836 

1967 

69,086 

19,452 

49,634 

13,232 

1968 

28,586 

9,699 

18,887 

6,148 

1969 

1,343 

456 

887 

320 

1970 

28,685 

11,704 

16,981 

7,462 

1971 

1,384 

678  - 

706 

390 

1972 

- 

- 

- 

- 

1973 

31,778 

17,781 

13,997 

10,262 

1974 

- 

- 

- 

- 

1975 

- 

- 

- 

- 

1976 

- 

- 

- 

- 

1977 

- 

- 

- 

1978 

- 

- 

- 

- 

1979 

- 

- 

- 

- 

1980 

__ 

__ 

__ 

__ 

Total  $179,722 

$63,916 

$115,806 

$40,868 

a.  Source:  Reference  7. 

b.  Computed  using  A Index  as  given  in  Table  6. 

c.  Computed  using  E Index  as  given  in  Table  6. 

Note:  Abbreviations  are  explained  in  Table  3. 
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For  the  purposes  of  this  analysis  the  Engineering  News  Record  (ENR) 
Building  Construction  Index  for  San  Francisco  has  been  used  as  the  in- 
dex of  actual  inflation,  and  is  referred  to  as  the  "A  Index."*  Although 
this  index  suggests  a particularly  high  inflation  rate,  it  is  felt  to 
be  an  appropriate  index  for  work  elements  of  the  BART  System.  The 
Composite  Report  3%  expected  inflation  rate  and  the  ENR  Building  Con- 
struction Index  are  compared  in  Table  6 and  depicted  graphically  in 
Figure  1. 

Table  7 analyzes  the  effects  of  expected  and  actual  inflation  rates  on 
the  Composite  Report  planned  schedule  of  expenditure,  and  shows  the 
amount  of  the  total  cost  overrun  that  can  be  explained  by  the  difference 
between  the  two  rates.  Column  2 of  the  table  shows  the  Composite  Report 
base  cost  estimate  including  the  contingency  allowance  but  net  of  infla- 
tion (CCRNI),  and  column  5 details  the  expected  inflation  allowance  added 
to  this  in  the  Composite  Report  total  cost  estimate.  Column  8 shows  the 
effect  of  the  actual  rate  of  inflation  on  the  CCRNI  figures.  Column  9 
shows  the  net  effect  of  the  higher  than  expected  rates  of  inflation  by 
subtracting  expected  inflation  to  CCRNI  from  the  actual  inflation  to 
CCRNI.  The  $106  million  figure  given  as  the  total  of  column  9 repre- 
sents the  extra  amount  it  would  have  cost  to  construct  the  original  BART 
System,  as  a result  of  accelerated  rates  of  inflation  alone,  had  there 
been  no  delays  to  the  original  System  plan,  and  no  changes  to  the 
originally  planned  scope  of  the  project. 


Cost  Increases  Resulting  from  Schedule  Delays 

This  section  compares  the  BART  construction  schedule  projected  in  the 
Composite  Report  with  the  actual  timing  of  BART  construction  and  assesses 
the  increased  inflation  costs  resulting  from  construction  delays. 

BART  planners  originally  estimated  that  it  would  take  about  six  years  to 
build  the  major  elements  of  the  System.  It  actually  took  nearly  eleven 
years.  The  last  link  of  the  BART  System,  the  Transbay  Tube,  was  opened 
in  September  1974,  more  than  12  years  after  voters  approved  the  System. 

Lengthy  delays  were  caused  by  a number  of  events: 

• A court  suit  challenging  the  1962  election  delayed 
the  entire  project  by  about  10  months. 


*The  ENR  Building  Construction  Index  is  determined  from  a weighted 
aggregate  of  a materials  component  and  a labor  component  factor.  The 
materials  component  is  derived  from  the  costs  of  constant  quantities 
of  structural  steel,  Portland  cement,  and  lumber.  The  labor  component 
uses  skilled  trades;  an  average  of  carpenter,  bricklayer,  and  structural 
ironworker  wages.  Source:  Reference  5. 


12 


Table  6 


COMPARISON  OF  EXPECTED  AND  ACTUAL 
INFLATION  INDICES 
1960-1980 


Year 

Composite  Report  3% 
Expected  Inflation  Rate 
(E  Index)3 

ENR  Building  Construction 
Index  (Actual  Inflation) 
(A  Index) ^ 

1960 

1.0057 

1.0000 

1961 

1.0359 

1.0270 

1962 

1.0669 

1.0946 

1963 

1.0989 

1.1486 

1964 

1.1319 

1.1622 

1965 

1.1659 

1.2432 

1966 

1.2009 

1.2973 

1967 

1.2369 

1.3919 

1968 

1.2740 

1.5135 

1969 

1.3122 

1.5135 

1970 

1.3516 

1.6892 

1971 

1.3921 

1.9595 

1972 

1.4339 

2.1622 

1973 

1.4769 

2.2703 

1974 

1.5212 

2.5811 

1975 

1.5669 

2.7411 

1976 

1.6138 

2.9028 

1977 

1.6622 

3.1785 

1978 

1.7121 

3.4804 

1979 

1.7634 

3.8110 

1980 

1.8164 

4.1730 

a.  The  E Index,  when  applied  to  the  planned  schedule  of 
expenditures  specified  in  the  Composite  Report,  gives 
an  estimated  inflation  allowance  of  $169,555,000,  the 
same  as  given  in  the  Composite  Report.  To  permit  this 
and  still  maintain  a constant  3%  per  annum  increment 
between  successive  index  values,  the  starting  value  of 
the  index  was  set  at  1.0057  instead  of  1.0000. 

b.  Index  available  only  up  to  1975.  Thereafter,  inflation 
presumed  to  continue  at  average  rate  of  9.5%  per  annum, 
the  average  rate  for  the  period  1970-1975. 

Sources:  References  5 and  6. 
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INFLATION  INDEX 


Figure  1 

COMPARISON  OF  COMPOSITE  REPORT  INFLATION  ALLOWANCE  AND 
ACTUAL  INFLATION  1960-1980 
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Table  7 


CAPITAL  COST  INCREASES  DUE  TO  HIGHER  THAN  EXPECTED  INFLATION  RATES 
(All  Costs  in  Thousands  of  Dollars) 


1 

2 

3 

4 

5 

6 

7 

8 

9 

Year 

CCRNIa 

E 

Index 

(2)+(3) 

CCRa 

(4)-(2) 

CCREI 

(=VEI) 

A 

Index 

(2)+<6) 

CCRNI(A) 

(7  ) — (2) 
CCRAI 

(8)-(5) 

VUI 

1962 

~ 

1.0669 

~ 

- 

- 

- 

- 

- 

1963 

$ 25,481 

1.0989 

$ 28,000 

$ 2,519 

1.1486 

$ 29,267 

$ 3,786 

$ 1,267 

1964 

111,318 

1.1319 

126,000 

14,682 

1.1622 

129,373 

18,055 

3,373 

1965 

226,436 

1.1659 

264,000 

37,564 

1.2432 

281,505 

55,069 

17,505 

1966 

199,851 

1.2009 

240,000 

40,149 

1.2973 

259,267 

59,416 

19,267 

1967 

110,907 

1.2369 

137,180 

26,273 

1.3919 

154,371 

43,464 

17,191 

1968 

62,591 

1.2740 

79,740 

17,149 

1.5135 

94,731 

32,140 

14,991 

1969 

37,952 

1.3122 

49,800 

11,848 

1.5135 

57,440 

19,488 

7,640 

1970 

28,411 

1.3516 

38,400 

9,989 

1.6892 

47,992 

19,581 

9,592 

1971 

15,584 

1.3921 

21,693 

6,109 

1.9595 

30,537 

14,953 

8,844 

1972 

2,233 

1.4339 

3,200 

967 

2.1622 

4,828 

2,595 

1,628 

1973 

1,084 

1.4769 

1,600 

516 

2.2703 

2,461 

1,377 

861 

1974 

1,053 

1.5212 

1,600 

547 

2.5811 

2,718 

1,665 

1,118 

1975 

1,022 

1.5669 

1,600 

578 

2.7411 

2,801 

1,779 

1,201 

1976 

- 

1.6138 

- 

- 

2.9028 

- 

- 

- 

1977 

- 

1.6622 

- 

- 

3.1785 

- 

- 

- 

1978 

935 

1.7121 

1,600 

665 

3.4804 

3,254 

2,319 

1,654 

1979 

1.7634 

- 

- 

3.8100 

- 

- 

- 

1980 

__ 

1.8164 

__ 

__ 

4.1730 

__ 

__ 

__ 

Total 

5824,358 

$994,413 

$169,555 

$1,100,545 

$275,687 

$106,132 

a.  Source:  Reference  6. 

Note:  Abbreviations  are  explained  in  Table  3. 
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• Negotiations  with  cities  concerning  BART  routing, 

design  features,  and  station  plans  were  more  extensive 
than  anticipated  and  caused  additional  delays. 

o A shortage  of  funds  plagued  the  project  between 
1967  and  1969  and  necessitated  lengthy  delays 
while  additional  funds  were  sought. 

Figure  2 compares  planned  and  actual  construction  schedules  for  the  major 
BART  capital  projects.  Table  8 summarizes  the  planned  schedule  of  expendi- 
ture for  BART  construction  and  compares  this  to  the  actual  expenditure  of 
funds. 

Table  9 determines  the  variance  attributable  to  delays  to  the  original 
construction  and  implementation  schedule.  Column  4 of  the  table  shows 
the  planned  schedule  of  expenditure  for  the  Composite  Report  estimated 
total  capital  cost  (CCR) . Column  2 shows  the  corresponding  cost  stream 
for  the  Composite  Report  cost  net  of  inflation  (CCRNI) . Column  5 shows 
QCCRNI.  the  CCRNI  total,  distributed  by  proportion  to  match  the  actual 
overall  capital  cash  flow  for  BART  construction.  This  represents  the 
assumed  schedule  of  expenditures  (expressed  in  1960  prices)  which  would 
have  occurred  had  there  been  no  scope  changes,  but  assuming  delays  as 
actually  occurred.  Column  6 shows  this  expenditure  stream  subject  to 
inflation  at  the  Composite  Report  expected  3%  rate  (QCCRNI [ E] ) and 
represents,  hypothetically,  what  the  Composite  Report  would  have  esti- 
mated for  total  capital  cost  had  the  actual  expenditure  stream  been 
envisaged  originally,  but  assuming  the  same  base  cost  inclusive  of  con- 
tingency allowance  (CCRNI).  The  figures  in  Column  7 give  the  differences 
between  QCCRNI (E)  and  CCR.  In  total,  these  constitute  the  cost  penalty 
to  the  original  Composite  Report  total  that  would  have  resulted  from 
delay  if  inflation  had  been  at  the  rate  originally  speculated  (but  again 
assuming  no  changes  to  the  scope  of  the  project).  Columns  8 through  12 
of  Table  9 examine  the  effect  of  actual  inflation  on  the  actual  schedule 
of  expenditure.  The  stream  of  figures  in  column  9 show  CCRNI(A),  the 
CCRNI  stream,  but  inflated  at  the  actual  rate.  Column  11  shows  the  total 
variance  that  can  be  attributed  to  delay,  derived  by  subtracting  the 
Composite  Report  base  cost  estimate  (including  contingency  allowance) 
adjusted  for  actual  inflation  (CCRNI [A])  from  the  same  Composite  Report 
base  cost  estimate  (including  contingency  allowance)  adjusted  for  actual 
inflation,  and  distributed  according  to  the  actual  expenditure  schedule 
(QCCRNI [A]).  For  interest,  column  12  of  the  table  shows  the  delay  vari- 
ance attributable  to  unexpected  inflation  (VDUI)  by  subtracting  VDEI  from 
the  total  delay  variance  appearing  in  column  11. 


Reasons  for  Specific  Component  Cost  Increases 

In  addition  to  the  major  scope  changes  listed  in  Table  4,  and  the 
general  effects  of  inflation  and  delay  on  overall  System  costs,  it  is 
possible  to  identify  specific  reasons  for  a number  of  the  component  cost 
increases  documented  in  Table  1.  Some  of  these  reasons  are  summarized 
in  the  remainder  of  this  chapter. 
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Oakland,  and  MacArthur  Statloi 


Table  8 


COMPARISON  OF  PLANNED  AND  ACTUAL  SCHEDULE 
OF  EXPENDITURE 

(All  Costs  in  Thousands  of  Dollars) 


CCR 

1962  Composite  Report  Actual 


Planned  Expenditure 
Year  Schedule3 

Cumulative 

Percent 

Expenditure 

Schedule^ 

Cumulative 

Percent 

1963 

$ 28,000 

2.8% 

$ 37,951 

2.3% 

1964 

126,000 

15.5 

37,952 

4.6 

1965 

264,000 

42.0 

37,951 

7.0 

1966 

240,000 

66.1 

37,952 

9.3 

1967 

137,180 

79.9 

187,715 

20.8 

1968 

79,740 

87.9 

259,601 

36.6 

1969 

49,800 

92.9 

203,301 

49.1 

1970 

38,400 

96.8 

140,044 

57.6 

1971 

21,693 

98.9 

136,753 

66.0 

1972 

3,200 

99.2 

108,519 

72.6 

1973 

1,600 

99.4 

124,193 

80.2 

1974 

1,600 

99.6 

156,159 

89.8 

1975 

1,600 

99.8 

48,505 

92.7 

1976 

— 

— 

29,554 

94.5 

1977 

— 

— 

7,546 

95.0 

1978 

1,600 

100.0 

40,952 

97.5 

1979 

— 

— 

27,301 

99.2 

1980 



— 

13,651 

100.0 

Total 

$994,413 

100.0% 

$1,635,600 

100.0% 

a.  Source: 

b.  Source: 

Reference  6. 

Comparative  Data  Reports/Capital  Program  Reports  1966-1975 

Information  for 

1963-1965  is 

not  available. 

Actual  expen- 

ditures  for  these  years  are  derived  by  allocating  the  1966 
cumulative  total  equally  among  the  four  years  1963-1966. 

Note:  Abbreviations  are  explained  in  Table  3. 
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(All  Costs  In  Thousands  of  Dollars) 
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•xplained  in  Table 


Vehicle  Costs.  BART's  fleet  of  450  cars  was  purchased  over  a five- 
year  period  from  1968  to  1973.  The  initial  order  of  10  prototype  BART 
cars,  purchased  in  1968,  cost  $1,046,000  per  car.  A year  later  BART  pur- 
chased a fleet  of  240  vehicles  for  $258,000  each,  and  in  1972  a further 
100  vehicles  for  $388,000  per  car.  The  final  100  vehicles  cost  $409,000 
per  car.  Including  $16  million  for  projected  modifications,  vehicle 
spares,  and  associated  engineering  and  management  costs,  the  average  cost 
per  car  is  $389,000.  This  is  a considerable  increase  over  the  1962 
estimate  of  $158,000  per  car.  Several  factors  are  responsible  for  the 
increase  in  vehicle  costs. 

• The  first  contract  for  vehicles  was  delayed  for  two 
years  because  of  a shortage  of  funds,  compounding  the 
effect  of  higher-than-anticipated  inflation  rates. 

• Additional  delays  were  caused  by  an  earthquake 
which  destroyed  a supplier’s  production  facilities, 
and  an  extended  labor  strike  at  the  production 
facility. 

• Problems  with  vehicle  components,  including  doors, 
brakes,  and  propulsion  motors,  developed  during 
revenue  service.  As  a result,  BART  incurred  addi- 
tional costs  for  redesigning  parts,  for  vehicle 
modifications,  and  for  replacement  components. 

Yards  and  Shops.  The  final  cost  of  $23  million  for  the  construction 
of  yards  and  shops  is  almost  double  the  Composite  Report  expected  cost. 

The  locations  originally  planned  for  the  yards  were  changed  several  times 
with  resulting  cost  increases.  Facilities  were  added  as  operating  experi- 
ence dictated  additional  needs,  and  a test  track  at  Hayward  was  added  at  a 
cost  of  approximately  $5  million.  The  decision  to  automate  yards  and  shops, 
subsequent  to  the  time  of  the  Composite  Report  estimates,  also  accounts 
for  a significant  part  of  the  cost  increase. 

Train  Control  and  Communications  Equipment.  The  actual  cost  of  train 
control  equipment  is  $53  millions,  well  over  twice  the  estimate  in  the 
Composite  Report.  This  cost  increase  is  largely  the  result  of  technical 
problems  encountered  with  the  system  as  originally  conceived,  necessitating 
substantial  redesign  and  modification.  Chief  among  these  problems  were: 

• Improper  speed  commands  were  generated  by  the  onboard 
train  equipment  from  track  circuit  signals. 

• Under  certain  conditions,  a de-energized  car  could 
not  be  detected  on  the  track, 

• In  isolated  incidents,  train  detection  circuits 
indicated  that  a section  of  track  was  occupied  by 
a train  when  it  was  actually  vacant. 
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• Occasional  communications  equipment  failures, 
causing  the  loss  of  trains  * ability  to  maintain 
speed  automatically, 

• Actual  braking  rates  were  deemed  insufficient  to 
satisfy  safety  requirements  imposed  by  the 
California  Public  Utilities  Commission. 

• Maintenance  vehicles  working  on  the  BART  tracks 
could  in  some  circumstances  not  be  detected  by  the 
train  control  system. 

From  available  data  it  is  not  possible  to  make  an  accurate  assessment  of 
the  costs  incurred  by  modifications  necessary  to  eliminate  these  prob- 
lems, but  they  account  for  a significant  proportion  of  the  $29  million 
train  control  cost  overrun. 


Handicapped  Facilities.  Pursuant  to  a California  State  law 
passed  in  1968,  elevators  were  added  to  a number  of  BART  stations  to 
cater  for  the  needs  of  physically  disabled  people.  This  necessitated 
the  reworking  of  some  completed  construction  at  several  stations  at  an 
estimated  cost  of  $4  million.  The  $4  million  estimate  excludes  the  costs 
of  the  elevators  and  other  handicapped  facilities  themselves.  These 
facilities  cost  approximately  an  additional  $4  million. 


Pre-Operating  Costs.  A particularly  large  cost  increase  was  incurred 
for  testing  and  other  pre-operating  activities.  These  costs  included 
engineering,  training,  inventory  build-up  expenses,  and  operations  depart- 
ment salaries.  The  original  Composite  Report  estimate  of  $7  million  was 
made  without  benefit  of  experience  with  an  innovative  system  such  as  BART. 
A reestimate  of  pre-operational  expenses  was  made  in  1971;  that  estimate 
was  $27  million,  still  far  short  of  the  actual  cost,  largely  because  the 
full  extent  of  vehicle  and  train  control  problems  and  associated  delays 
was  still  not  apparent  at  that  time.  Pre-operating  expenses  were  further 
bolstered  by  a decision  to  transfer  some  operating  expenses  incurred 
during  the  first  two  years  of  revenue  service  to  this  category. 
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III.  ANALYSIS  OF  BART  LINE  AND  STATION  CONSTRUCTION  COSTS 


Line  Construction  Costs 


Detailed  costs  for  construction  of  individual  line  segments  are  shown 
in  Table  10.  The  total  of  $890,317,000  given  in  the  table  includes  all 
costs  given  in  Table  1 with  the  exception  of  the  costs  of  stations,  yards 
and  shops,  vehicles,  engineering  and  management,  and  pre-operating  ex- 
penses. All  costs  in  the  table  (and  in  the  remainder  of  this  chapter) 
are  given  in  current  dollars.*  Where  possible,  costs  have  been  associated 
with  specific  line  segments,  but  it  has  not  always  proved  possible  to  do 
this,  and  in  such  cases  these  costs  are  entered  in  the  table  as  "unallo- 
cated."  Also  included  in  the  unallocated  category  are  costs  associated 
with  the  provision  of  the  MUNI  Metro  facilities. 

Because  of  special  circumstances  associated  with  many  of  the  individual 
contracts  involved,  the  costs  assembled  in  Table  10  must  be  interpreted 
with  care.  In  some  cases,  agreements  were  made  with  local  communities 
and  public  agencies  which  shifted  work  and  costs  from  one  cost  category 
to  another.  The  California  Division  of  Highways,  for  instance,  was  re- 
sponsible for  the  construction  of  some  sections  of  the  BART  Concord  Line, 
where  a freeway  was  being  built  concurrently  with  BART.  Costs  were  based 
on  a negotiated  price  and  appear  as  "Agency  Agreements"  in  Table  10 
rather  than  as  "Route  Construction"  costs.  Some  expenditures  which  are 
actually  land  acquisition  costs  also  appear  in  Table  10  as  "Agency 
Agreements."  Other  agency  agreements  covered  the  costs  of  local  street 
improvements. 

Agreements  between  the  California  Division  of  Highways  and  BARTD  further 
obscure  land  acquisition  costs.  For  example,  where  the  BART  Concord  Line 
runs  in  the  median  of  the  Grove-Shaf ter  freeway  (Route  24) , construction 
was  carried  out  by  the  Division  of  Highways.  Costs  of  land  acquisition 
and  BART  trackbed  construction  are  therefore  included  in  the  $41  million 
cost  of  that  segment  of  the  freeway,  but  not  in  the  costs  given  in  Table  10. 
BARTD  records  show  only  $139,000  of  land  acquisition  costs  for  the  two- 
mile  segment  of  the  system  within  the  freeway  median,  compared  with 
$1,182,000  for  a 1.5-mile  stretch  of  the  adjacent  segment  of  the  Richmond 
Line.** 


*As  shown  in  the  preceding  Chapter,  inflation  over  the  period  of  BART’s 
construction  added  greatly  to  the  costs.  Thus,  much  of  the  variation 
shown  in  Table  10  (and  elsewhere  in  this  chapter)  is  attributable  to 
the  timing  of  construction  (see  Figure  2).  However,  it  has  not  been 
possible  in  this  study  to  analyze  the  effects  of  delay  on  the  costs  of 
individual  BART  System  components. 

**Reference  3. 
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In  Hayward,  BART  acquired  more  land  than  was  needed  for  the  System 
right-of-way  as  part  of  an  agreement  with  the  Division  of  Highways.  BART 
was  to  acquire  the  land  and  later  resell  it  to  the  Division  of  Highways 
for  a future  freeway  extension.  Actually,  a portion  of  the  $1  million 
parcel  of  additional  land,  valued  at  $228,000,  was  retained  by  BART  for 
the  Hayward  test  track.  As  a result,  the  actual  land  acquisition  costs 
for  various  segments  of  the  BART  Alameda  Line  are  intermingled  with  land 
acquisition  costs  for  freeways  in  the  area. 

Utility  relocation  costs  for  various  segments  of  the  System  have  in  some 
cases  been  absorbed  into  route  construction  costs.  BARTD's  "Comparative 
Analysis  of  the  1962  Composite  Report  with  the  1972  Status  and  Forecasts" 
(Ref.  1)  estimates  that  $11,396,000  of  utility  relocation  costs  are 
imbedded  in  various  components  of  the  route  construction  category,  but 
unfortunately  it  is  not  possible  to  disaggregate  or  isolate  these  amounts. 

Mindful  of  the  limitations  to  the  accuracy  of  the  figures  appearing  in 
Table  10,  line  construction  costs  average  some  $13  million  per  mile. 

Average  construction  costs  for  the  individual  line  segments  range  from 
$29  million  per  mile  for  the  Transbay  Tube  to  $5  million  per  mile  for 
the  Alameda  Line. 

Table  11  summarizes  route  construction  costs  by  type  of  construction  for 
a selection  of  BART  line  segments  and  gives  typical  costs  for  the  various 
configurations  in  the  system:  at-grade,  elevated,  cut-and-cover , and  other 

tunnelled  construction.  All  costs  are  in  current  dollars. 

The  table  shows  very  large  variations  in  per-mile  construction  costs,  both 
within  and  among  the  construction  categories  given.  Costs  range  from  less 
than  $2  million  per  mile  for  at-grade  construction  in  outer  suburban  areas 
to  over  $18  million  per  mile  for  cut-and-cover  tunnelling  in  central  San 
Francisco  and  $26  million  per  mile  for  the  underwater  portion  of  the 
Transbay  Tube.  This  analysis  has  not  attempted  to  analyze  the  many 
reasons  underlying  these  differences. 


S t ation  Construction  Costs 


Table  12  details  construction  costs  for  each  of  the  34  BART  stations 
grouped  into  three  categories:  aerial,  at  grade,  and  subway.  All 

costs  shown  are  in  current  dollars.  Uncertainties  exist  about  the  allo- 
cation of  certain  costs.  Footnotes  to  the  table  identify  some  of  these. 

Information  concerning  the  cost  of  train  control  equipment  is  available 
for  only  10  BART  stations,  all  of  them  in  Alameda  County.  For  this 
reason,  station  train  control  equipment  costs  are  not  included  in  Table  12. 
(These  train  control  costs  appear  as  a separate  cost  category  in  Table  2.) 
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Table  11 


SELECTED  ROUTE  CONSTRUCTION  COSTS  PER  MILE 
BY  TYPE  OF  CONSTRUCTION 
(All  Costs  in  Thousands  of  Dollars) 


Contract 

Number 

Construction 

Cost 

Track 

Length 

(Miles) 

Cost 

Per 

Mile 

Elevated  Construction 

Alameda  Line 

1A0011 

$ 4,790 

1.48 

$ 3,266 

Alameda  Line 

1A0021 

5,589 

2.25 

2,484 

Alameda  Line 

1A0031 

4,257 

1.73 

2,460 

Alameda  Line 

1A0041 

6,468 

2.89 

2,238 

Richmond  Line 

1R0081 

4,822 

2.45 

1,968 

Richmond  Line 

1R0071 

1,881 

0.96 

1,959 

Richmond  Line 

1R0021 

2,292 

0.82 

2,575 

Tunnel  Other  than  Cut-and-Cover  Construction 


Berkeley  Hills  Tunnel 


(Rock  Tunnel) 

1C0041 

$31,663 

3.18 

$ 9,947 

Transbay  Tube 
(Submarine  Sunken  Tube) 

1B001 

94,008 

3.65 

25,756 

Mission  Line 

1M0041 

9,662 

0.65 

14,865 

Mission  Line 

1M0051 

8,881 

1.09 

8,147 

San  Francisco  Line 

1S0021 

11,379 

0.71 

16,026 

San  Francisco  Line 

1S0022 

18,120 

0.96 

18,875 

Depressed  Cut-and-Cover  Tunnel  Construction 


Richmond  Line 

1R0052 

$ 5,916 

0.79 

$ 7,488 

Richmond  Line 

1R0053 

7,883 

0.79 

9,978 

Richmond  Line 

1R0054 

3,933 

0.61 

6,545 

Transbay  Tube 
(Oakland  Approach) 

1B001 

6,249 

0.81 

7,714 

Mission  Line 

1M0011 

12,408 

0.74 

16,768 

At  Grade  Construction 
Alameda  Line 

1A0071 

$ 1,686 

1.25 

$ 1,348 

Alameda  Line 

1A0091 

1,792 

1.12 

1,600 

Concord  Line 

1C0061 

8,496 

3.73 

2,278 

Concord  Line 

1C0051 

8,139 

3.09 

2,633 

Source:  Reference  3. 
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Table  12  (continued) 
STATION  CONSTRUCTION  COSTS 


a.  Total  cost  of  $289,608,000  accounted  for  in  this  table  does  not  include 
construction  costs  of  $42,781,000  for  MUNI  Metro  station  facilities 
(Table  1 station  costs  total  of  $332,389,000  includes  MUNI  Metro  station 
costs) . 

In  some  cases,  Station  constructions  costs  include  some  of  the  costs  of 
tunneling  the  line  between  stations,  particularly  for  the  central 
San  Francisco  and  Oakland  stations.  Consequently  some  subway  station 
costs  shown  are  overstated. 

b.  Includes  costs  for  closed  circuit  television. 

c.  Construction  performed  by  California  Division  of  Highways.  Costs  pre- 
sumed to  be  included  in  Table  10  as  "Agency  Agreements." 

d.  It  is  likely  that  some  "Shell"  construction  costs  are  included  in  this 
figure. 

e.  "Finish"  costs  probably  included  in  "Shell"  construction  costs. 

f.  "Electrical  Equipment"  costs  probably  included  in  "Shell"  construction 
costs. 

g.  "Handicapped  Facilities"  were  part  of  the  original  construction  plan  and 
are  therefore  included  under  "Shell"  construction  costs. 

h.  Includes  costs  of  miscellaneous  equipment  such  as  maps,  information 
signs,  rubbish  bins,  staff  kiosks,  communications  equipment,  and  cycle 
racks.  Excludes  windscreens  and  additional  seating  installed  since 
September  1975. 

i.  Some  elevator  costs  are  included  under  "Handicapped  Facilities."  Unfor- 
tunately it  has  not  been  possible  to  identify  these  costs  in  this 
analysis.  Because  of  the  difficulty  in  disaggregating  the  elevator  and 
escalator  costs,  the  "Elevator  and  Escalator"  and  "Handicapped  Facili- 
ties" costs  are  more  meaningful  if  considered  as  one  cost  category. 

Costs  associated  with  remodeling  stations  to  accommodate  handicapped 
facilities  are  included  with  "Shell  Construction  Costs". 
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As  with  line  construction  costs,  Table  12  shows  large  variations  in  sta- 
tion costs,  both  within  and  among  the  three  station  construction  categories. 
Aerial  station  costs  vary  between  $2.0  million  (Rockridge)  and  $6.1  million 
(Concord),  and  average  $3.0  million.  At-grade  station  costs  vary  between 
$2.2  million  (Lafayette)  and  $5.1  million  (Daly  City),  and  average  $3.2  mil- 
lion. Subway  station  costs  are  very  much  higher,  ranging  from  $5.5  million 
(North  Berkeley)  to  $32.7  million  (Civic  Center).  Unfortunately,  the  scope 
of  this  analysis  has  not  permitted  a detailed  investigation  of  the  reasons 
for  the  cost  variations  shown  in  the  table. 
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